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EARTH ORBIT SIMULATION OF 

LUNAR ORBIT RENDEZVOUS 

SUMMARY 

An earth orbit flight to demonstrate lunar orbit rendezvous capa- 
bilities of the Apollo crew and systems is explored. The objectives are: 
(1) to provide for an early experiment on a Saturn C-IB; (2) to 
demonstrate crew and systems capabilities of Apollo prior to first 
lunar mission (under conditions from which the crew could be recovered 
in the event of failure); (3) to provide information on system and crew 
performance in rendezvous for design improvement and crew training. 

By proper choice of earth orbit altitudes an adequate simulation 
of the LEN rendezvous flight path can be obtained. The simulation is 
performed in less time (at least 22 percent) with greater terminal 
velocity (at least 45 percent) which means that the simulation would be 
slightly more stringent than the LEN rendezvous on both guidance 
techniques and crew capability. Thus, this simulation would provide 
a realistic assessment of the L.EB rendezvous guidance. 

INTRODUCTION 

Success of the Apollo Lunar Landing Mission depends on the rendez- 
vous of the LE51 with the CM in lunar orbit. A thorough assessment of 
the proposed guidance techniques and equipment as well as crew capabilities 
is therefore in order. Fixed based simulation with tie-ins to guidance 
and control hardware proposed for the rendezvous maneuver will provide 
part of this assessment. However, a demonstration of the maneuver in 
earth orbit appears feasible and would provide a flight test environment 
where recovery of the crew can still be accomplished in the event of a 
malfunction. Such a demonstration could provide confidence in the 
rendezvous equipment and procedures. 

Specifically, the earth orbit rendezvous could accomplish several 
objectives; namely, it would subject the crew and guidance equipment 
to realistic environment conditions of space; it would provide for a 
true assessment of guidance techniques and equipment as well as crew 
capabilities; it could serve as a means for training crews to perform 
rendezvous maneuvers; and it would demonstrate the  ability to perform 
1wlar orbit rendezvous prior t:, the first mznned lmar mission. 
The purpose of this memorandum is to present the results of a brief 
investigation of an earth orbit simulation of the LEN lunar orbit 
rendezvous. 



The problem of rendezvous i s  essent ia l ly  the same regardless of 
the central  body (earth,  moon, sun, e t  cetera) about which the maneuver 
i s  being performed. The only differences l i e  i n  the magnitudes of the 
orb i ta l  parameters (speeds, distances, periods, e t  ce te ra) .  However, 
the rendezvous problem i s  not concerned with i n e r t i a l  speed and range, 
but instead, i s  concerned with the re la t ive  speed and range between the 
two orbiting vehicles. Therefore, even though the  o rb i t a l  speeds and 
ranges of rendezvous vehicles may d i f f e r  considerably from one central  
body t o  another, it s t i l l  may be possible t o  f ind  rendezvous t r a j ec to r i e s  
about d i f fe rent  central  bodies which are  quite s imilar ,  With t h i s  i n  
mind, calculations were made t o  determine i f  such a . s imi lar i ty  could 
be found between LEN t ra jec tor ies  about the  moon and a simulated LEN i n  
orb i t  about the ear th.  

In figure 1 are shown the  t ra jec tor ies  fo r  the en t i r e  LFM mission 
as  viewed from the  CM i n  a c ircular  orb i t  80 n. m i ,  above the lunar 
surface. The Hohmann t ransfer  f o r  normal launch and the abort intercept  
t ra jec tor ies  (including the equiperiod t ra jec tory)  a l l  represent 
possible LEN intercept and rendezvous t r a j ec to r i e s .  

In the ear th o rb i t  simulation of these t ra jec tor ies ,  the minimum 
circular  o rb i t  a l t i t ude  was chosen as 100 n. m i .  since orb i t  l i fe t imes 
for  a l t i tudes  l e s s  than t h i s  are  too short .  Having established the 
lower al t i tude,  a range of a l t i tudes  was investigated t o  determine what 
c ircular  target  orb i t  a l t i t ude  would yield rendezvous t ra jec tor ies  which 
closely approximate the LFM intercept t ransfer  t ra jec tor ies .  It was 
found tha t  an a l t i t ude  of 180 n .  m i .  f o r  the  ta rge t  yielded a good 
approximation t o  the Hohmann t ransfer  f o r  the normal launch; hence, 
t h i s  a l t i tude  was chosen f o r  the target  o rb i t .  A comparison of the 
simulated and t rue  LE51 t ra jec tor ies  i s  shown i n  figure 2. The 
simulations for  the abort t ransfers  (from 5,000 f t  . and 22,000 f t  .) were 
obtained by adjusting the apogee a l t i tude  u n t i l  the f l i gh t  pat#h 
approximated as closely as possible the t rue  abort t ransfers .  For 
the simulation of the equiperiod transfer,  the apogee a l t i tude  was 
fixed by the  period of the target  orb i t  and could not be adjusted t o  
approximate the t rue  f l igh t  path; hence, the simulation for  the 
equiperiod t ransfer  i s  not as good as fo r  the other t ransfers .  However, 
the descent and rendezvous portions of the equiperiod t ransfer  are  
simulated very closely. In  summary, the r e su l t s  shown i n  figure 2 
indicate tha t  the  f l i gh t  path simulation i s  adequate; therefore, any 
visual and/or radar acquision techniques could be checked out under 
r e a l i s t i c  conditions, including sun, s t a r ,  dark body, and bright body 
backgrounds. 



Approxir:.ation of the  LEN f l i g h t  path was t h e  prin-e concern i n  t h i s  
-,irr,~llaticn, however, the  range of c los ing ve loc i t i e s  and t r an s f e r  times 
i s  a l s o  of concern. The closing v e l o c i t i e s  and t r a n s f e r  times of both 
the  LEN t r a j e c t o r i e s  and t he  s ix idat ions  a r e  l i s t e d  i n  t ab l e  1 f o r  
comparison. It i s  evident  fro^ the  ta'ole t h a t  t he  s i m l a t i o n  requires  
l e s s  time ( a t  l e a s t  22 percent)  and g r ea t e r  closing ve loc i t i e s  ( a t  
l e a s t  43 percent)  than do the  ac tua l  LEN t r ans f e r s .  This does not, 
however, de t r ac t  from the  simulation; i n  fac t ,  t h i s  means t h a t  t h e  
sirnillation would be s l i g h t l y  more s t r ingen t  than t he  LEM rendezvous, 
reqtliring t he  nul l ing of l a rge r  v e l o c i t i e s  and l e s s  time i n  which t o  
perf orm the  rendezvo>~s . 

SPACECRAETS 

There a r e  two possible choices of spacecraf ts  with reentry  
capab i l i ty  which could be x e d  i n  t h i s  simulation; t he  Gemini spacecraf t  
o r  t he  Apollo CM. It would be most des i rab le  t o  use t he  Apollo CM t o  
simulate the  LEM s ince  much of t h e  guidance equipment i s  t he  same f o r  
both spacecrafts;  however, development time of t h i s  spacecraft  might 
cause t h c  r e s a l t s  of t h e  simulation t o  be t oo  l a t e  t o  a i d  t h e  LEN design 
o r  astronaut t r a i n i n g .  For t h i s  reason, t he  Gemini spacecraft  might be 
a  be t t e r  choice. 

CONCLUDING REMARKS 

I n  view of t he  c r i t i c a l  nature of the  LEN rendezvous maneuver, it 
appears des i rable  t h a t  an ea r t h  o r b i t  rendezvous experiment be performed 
i n  order t o  provide a  r e a l i s t i c  simulation of the  maneuver. It w a s  
shown t h a t  an  adequate simulation o f  the  LE3I  t r a j e c t o r i e s  can be obtained 
by placing a  spacecraf t  ( e i t h e r  t he  Gerzini o r  the Apollo (34 )  i n  a  
c l r cu l a r  o r b i t  100 n. m i .  above t he  surface of t h e  ea r t h  and performing 
a  rendezvous with a  t a r g e t  i n  a  180 n. m i .  c i r cu l a r  o r b i t .  Such a 
simulation would provide a  r e a l i s t i c  assessment of t he  guidance 
techniques and would demonstrate t h e  a b i l i t y  t o  perform t h e  c r i t i c a l  
lunar  o rb i t  rendezvous maneuver. 
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LEM trajectories (50,000' to 80 n.mi. ) 

- - - - -  Earth orbit simulation (100 n.mi. to 180 n.mi. ) 

Figure 2. Comparison of rendezvous trajectories (CM rotating axes) 




